Background: Chlamydia pneumoniae has been linked with increased risk of cardiovascular diseases; however, data on stroke and cerebrovascular accidents are sparse. Objectives: The aim of this study was to determine the association between C. pneumoniae infection and ischemic stroke.
Background
Chlamydia pneumoniae was first described in 1986 (1) . It is one of the most common agents involved in respiratory tract infections including pneumonia, bronchitis, pharyngitis, and sinusitis. Approximately, 5-10% of all cases of adult pneumonia and bronchitis are caused by C. pneumoniae (2, 3) . Atherosclerosis is a multifactorial disease. The various explanations of the pathogenic process include chronic infection with certain pathogens. The presence of C. pneumoniae has recently been demonstrated in atherosclerotic lesions of coronary, aorta, carotid and cerebral arteries. Conventional stroke risk factors include hypertension, cigarette smoking, diabetes mellitus and hyperlipidemia, which do not fully explain the incidence of atherosclerotic vascular diseases (4) (5) (6) . Serologic evidence of infection with C. pneumoniae has been associated with cardiovascular diseases; however, its relationship with stroke risk remains uncertain. In addition, inflammation has been postulated to play an important role in initiation and development of atherosclerosis. Retrospective and cross-sectional studies have suggested that both bacterial and viral infections may be risk factors for atherosclerosis, ischemic stroke and acute coronary events (7) (8) (9) (10) (11) . Some studies do not confirm the association between seropositivity to C. pneumoniae and increased risk of cardiovascular diseases in populations with stroke (12) . Although, the role of C. pneumoniae infection has been seriously considered in patients with myocardial infarction as a new atherothrombotic risk factor, but in acute ischemic stroke there are few data to support the eventual association (13).
Objectives
The aim of this study was to determine the association between C. pneumoniae infection and ischemic stroke.
Patients and Methods
A case-control study was conducted on patients with ischemic stroke, admitted to the Department of Neurology in Farshchian Hospital, Hamadan, west of Iran, from March 2008 to March 2009. Stroke was defined according to the recommended standard definition of World Health Organization as a focal or global neurological impairment of sudden onset, lasting 24 hours of presumed vascular origin (13) . Moreover, all patients with ischemic stroke were diagnosed by brain computed tomography scan (CT scan) or brain magnetic resonance imaging (MRI). Totally, 141 patients with ischemic stroke were enrolled in this study and compared to 141 control subjects who were selected randomly from volunteer blood donors. The control group did not have a history of pulmonary or cardiovascular disorders, and there was no evidence of active cardiac, vascular or pulmonary disease. The two groups were also matched by age, gender and place of residence. Written informed consents were obtained from all the participants. Moreover, blood samples were drawn from the control group and the patients with stroke over a period of maximum of 48 hours from the onset of stroke. All the sera were separated via centrifugation and stored at -20ºC until analysis; then, they were tested by one investigator. Samples were tested using C. pneumoniae IgG and IgA enzyme-linked immunosorbent assay method (Medac Diagnostika C. pneumoniae IgG and IgA ELISAs; Hersteller Manufacture Fabricant, Hamburg, Germany). All the data were analyzed statistically with SPSS 15 software using T-test, Fisher's exact and chi square tests. The P Values below 0.05 were considered statistically significant.
Results
Totally, 141 patients with ischemic stroke (81 males and 60 females) with mean age of 68.97 ± 12.99 (range: 30-95) years old were enrolled in the study and were compared with 141 control subjects (81 males and 60 females) with mean age of 66.95 ± 6.68. Of the study population, 188 (66.7%) lived in urban areas and the rest were from rural areas. In both groups, there was no significant difference in regards to age, sex and place of residence. The left hemisphere of the brain of 76 (52.5%) cases was the most affected hemisphere, whereas involvement of both right and left hemispheres was reported in one patient (0.7%). The brain areas involved in the patients, revealed by imaging (brain CT scan or MRI), were reported as the following: parietal lobe in 43 cases (30.5%), which was the most common site of involvement; temporal lobe in 36 cases (25.5%); simultaneous involvement of parietal and temporal lobes in 21 (14.9%); frontal lobe in 12 (8.5%); occipital lobe in 10 (7.1%); simultaneous involvement of parietal and occipital lobes in 10 (7.1%); brain stem in 4 (2.8%); simultaneous involvement of parietal, temporal and occipital in 2 (1.4%). According to Canadian Neurological Scale, 54 patients (38.3%) had severe, 68 (48.2%) had moderate, and 19 (13.5%) had mild stroke severity (14) . Anti-C. pneumoniae IgG was detected in 185 (65.6%) subjects of the study population. Table 1 shows that 111 patients with thrombotic stroke (78.8%) had positive serology for anti-C. pneumoniae IgG; however, in the control group, 74 (52.5%) subjects were positive for anti-C. pneumoniae IgG. Therefore, anti-C. pneumoniae IgG level in the patients with stroke was significantly higher than the control group (P = 0.0001). Table 2 shows that anti-C. pneumoniae IgA was detected in 80 (28.4%) subjects of the study population and the rest of them had negative results. In addition, 58 (41.1%) patients with thrombotic stroke and 22 (15.6%) subjects in the control group were positive for anti-C. pneumoniae IgA. In other words, the positive rate of antiChlamydia IgA in patients with thrombotic stroke was significantly higher than the control group (P = 0.0001). 
Discussion
The present study investigated the relationship between C. pneumoniae infection and ischemic stroke. In this case-control study, 141 patients were enrolled and compared with 141 control subjects. The mean ages of the patients and controls were 68.97 and 66.95 years old, respectively. Therefore, there was no significant difference between the two groups regarding age. Though, different classes of antibodies are produced in C. pneumoniae infection, each of which has a different clinical implication. For example, IgA antibody presence is short-term and represents acute infection, whereas, IgG antibody lasts several months and indicates chronic infection (2) .
In the present study, anti-C. pneumoniae IgG was detected in 111 patients with thrombotic stroke (78.8%); however, in the control group, 74 (52.5%) patients had positive antibody titer. Anti-C. pneumoniae IgG in patients with stroke was significantly higher than the control group. In Ghachkar's study, 44 patients with acute stroke and 44 controls were studied. Seven patients (15.9%) had specific IgG against C. pneumoniae, but none of the controls had such antibody, which was similar to this study (15) . In Japan, 40 patients with stroke and 85 healthy individuals were studied by Kawamoto and colleagues. They reported that the level of anti-C. pneumoniae IgG in patients with stroke was significantly higher than that of the control group (16) . This was similar to the results of our study. However, other studies were unable to find out a relationship between thrombotic stroke and Chlamydial infection (16, 17) . In Ashtari's research, 81 patients with stroke and 43 healthy controls were studied and there was no significant difference between the two groups (17) . In Medrano's study, there was no relationship between IgG antibodies against C. pneumoniae and cerebrovascular accidents (18) . In another study in Cameroon, 64% of the patients with ischemic stroke had IgG against C. pneumoniae, compared to 55% positivity in the control group, the difference of which was not statistically significant (7) .
In this study, anti-C. pneumoniae IgA in patients with thrombotic stroke was present in 58 (41.1%) patients, and 22 (15.6%) subjects in the control group had a positive antibody titers; in other words, the positive rate of anti-Chlamydia IgA in patients with thrombotic stroke was significantly higher than the control group (P = 0.0001). In Elkind's study on 89 patients with first ischemic stroke and 89 healthy controls, increased levels of IgA antibodies against C. pneumoniae was associated with increased risk of ischemic stroke (19) . In another case-control study, 246 patients with ischemic stroke and 474 controls were studied, which reported that anti-C. pneumoniae IgA level in patients was higher than the controls, while this was not observed for IgG levels (8) . In the study of Wolf and Mayer, positive levels of anti-C. pneumoniae IgA were associated with increased stroke risk in dialysis patients (20) . Njamnshi and colleagues reported that 78% of the patients had IgA against C. pneumoniae, the rate of which was 42% in the control group and the difference was statistically significant (7). These results were similar to the present study. It should be noted that the IgA positivity rates in patients from the above study were higher than those of this study. The presence of IgA antibody in C. pneumoniae infection is short-term and represents acute infection, whereas IgG antibody lasts several months and indicates chronic infection (2) . Therefore, in our study, the patients with thrombotic stroke were infected by C. pneumoniae and had acute infections. In another study at Whipps Cross Hospital in London on 100 patients with stroke and 87 controls, conducted to detect the differences between IgG and IgA antibodies in two groups, significant differences were not observed (21) . Furthermore, in Tanne's research, IgG and IgA antibodies to C. pneumoniae between two groups were not significantly different (22) . In Ashtari's study, 13.6% of patients with stroke and 9.3% of controls had positive levels of anti-Chlamydia IgA, but the difference was not significant (17) . The rate of positive anti-C. pneumoniae IgA in the case group in our study was higher than that of the mentioned study.
Inflammation has been postulated to play an important role in initiation and development of atherosclerotic diseases. Microorganisms could directly invade the vascular endothelial cells and sometimes indirectly influence atherosclerosis progression by stimulation of inflammatory cytokines and tissue growth factors in the arterial endothelium (23) . Therefore, elevated titers against C. pneumoniae in sera from such patients point to an exacerbation in a chronic infection, as does a change in the nature of immune complexes containing chlamydial lipopolysaccharide LPS. The presence of antibodies to C. pneumoniae proteins in immune complexes suggests an intimate association of the pathogen with the vascular system (24) . For the first time in 1988, Saikku and colleagues in a case-control study showed that patients who have recently had myocardial infarctions, had considerable amounts of IgA and IgG antibody titers against C. pneumoniae compared to control individuals. Following these findings, the researchers suggested that myocardial infarctions might be associated with exacerbation of chronic Chlamydia infection (25) . In another study, Thom and colleagues reported that patients who had heart angiography with rising titer of IgG against C. pneumoniae as an indicator of chronic or previous infection, were twice as likely to be diagnosed with coronary artery disease (26) . Several comments on various mechanisms causing stroke by C. pneumoniae have been posted. C. pneumoniae, in addition to alveolar macrophage proliferation, has the tendency to replicate in vascular endothelial cells in the culture environment. Its presence in the arterial wall of atherosclerotic cranial, detected by immunohistochemical and PCR methods, has been proven (27, 28) . C. pneumoniae can also activate via T cell inflammatory response and cause deterioration of atherosclerosis (29) .
In conclusion, this study showed an association between ischemic stroke syndrome and C. pneumoniae infection. C. pneumoniae infection may increase the susceptibility to stroke by inducing a systemic inflammatory response that can lead to a hypercoagulable state, destabilization of preexisting atherosclerotic plaques, and local thrombosis. Therefore, it should be strongly supported to further explore the role of C. pneumoniae infection in the etiology of ischemic stroke.
